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CHAPTER ONE 
GENERAL INTRODUCTION 
Production of forage for livestock is seasonal and often uneven. Without the use 
of warm-season grasses, forage is most abundant in the spring and may be lacking in the 
summer as well as fall. To extend the grazing season into the fall and winter, many 
producers graze crop residues and utilize stockpiled pastures. This can reduce the need 
for stored forages, which is the largest single expense in cow-calf and sheep production 
(Barnhart et al., 1998). 
Cool-season grasses, such as tall fescue and reed canarygrass are often utilized for 
stockpiling. The quality of stockpiled forage grasses and crop residues is usually low. 
However, legumes might be used to improve the quality of fall saved pasture and to 
supplement crop residues, especially in a strip-crop situation. 
Forage legumes have distinct advantages over grasses. In most cases they are 
higher in protein concentration than grasses, lower in neutral detergent fiber, more 
rapidly digested than grasses, and they fix nitrogen. Adding legumes to stockpiled forage 
will contribute to increasing yields and forage quality. 
Protein quality of legumes is variable, however. Evidence has been shown to 
. suggest that freezing might improve protein quality. Research conducted by Russell 
(1998) found that undegraded intake protein increased in stockpiled berseem following a 
freezing event. 
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The objectives of this research were to evaluate the protein quality of stockpiled 
legumes and to assess the impact of freezing on protein quality. 
Thesis organization 
Chapter one of this thesis consists of a general introduction and a description of 
its contents. Chapter two is a literature review comprised of relative literature. Chapters 
three and four are papers to be submitted for publication to Agronomy Journal. The final 
chapter is a general conclusion, which summarizes the outcome of the data collected and 
discusses the relevance of the results. There is also an appendix, which provides 
supplemental data not presented in the body of the thesis. 
Literature cited 
Barnhart, S., D. Morrical, J. Russell, K. Moore, P. Miller, and C. Brummer. 1998. 
Pasture Management Guide for Livestock Producers. Pm-1713. Iowa State 
University Extension Publications. Ames, IA. 
Russell, J.R. 1998. Personal Communication. 
3 
CHAPTER TWO 
LITERATURE REVIEW 
Stockpiled forage 
Forage production in the upper Midwest is highly seasonal and often, this 
complicates its utilization. During the grazing season, forage is frequently deficient in 
the summer and fall. Many producers use crop residues and stockpiled forage to extend 
the length of the grazing season into late fall and even winter. . 
Stockpiling forage is the practice of allowing forage to accumulate in the field 
until it is needed for grazing (Mays and Washko, 1960). Forage is often stockpiled for 
fall and winter grazing, but may occur at any time during the year as a part of a 
management plan when forages maintain low productivity. 
In cow-calf and sheep production, winter feed costs are the largest single expense 
(Barnhart et al., 1998). Often in the Midwest, com crop residues are grazed in late fall, 
followed by grazing of stockpiled perennial forages after com residue supplies are 
exhausted. This accumulation from hay fields or pasture from early August to fall or 
winter can extend the grazing season and reduce the need for stored feeds (Barnhart et al., 
1998). Research funded by the Leopold Center for Sustainable Agriculture indicated that 
grazing stockpiled forage at an allowance of 2 acres per cow reduced the amount of hay 
needed to maintain pregnant beef cows by 1.25 ton per cow, when compared with 
maintenance in a drylot feeding situation (Russell, 1996). 
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Length of the stockpiling period should be approximately 70 days to optimize 
yield and nutritive value of the forage (Russell, 1996). Acceptable yields of quality 
forage were produced during a 6-week or longer period in iate summer and fall, which 
could be utilized by mid-November with little reduction in yield of the following spring 
crop (Collins and Taylor, 1980). Yields will increase with the length of accumulation of 
stockpiled forage, but quality is reduced (Matches et al., 1975). 
Rayburn et al. (1980) found that stockpiling tall fescue beginning in June gave 
significantly lower values ofDDM, TDN, and DP than for later dates. Digestibility 
increased as stockpiling was delayed to August. Alfalfa grown from early August was 
higher in neutral detergent fiber (NDF) concentration than that grown from early 
September (Collins and Taylor, 1980). 
Any grass or legume species may be used for stockpiling. However, some 
legumes may have a loss of leaves from disease or maturation in summer or from frost in 
fall (Matches and Burns, 1995). Nitrogen fertilization of grass pastures is necessary to 
maximize forage yield during the stockpiled period. Legumes, in addition to grasses, will 
provide the nitrogen needed while increasing forage nutritive value and yields (Russell, 
1996). Maintenance of legume in pastures is imperative in terms of optimizing nutritive 
value and sustainability of mixed-species swards (Turner et al., 1998). 
In the past, much of the research done on fall stockpiling of forages has been 
conducted on cool-season grasses. Research shows that tall fescue utilized in the summer 
has lower quality than that utilized in the winter (Rayburn et al., 1980; Byran et al., 
1970). Tall fescue quality increases or plateaus with age as the forage is stockpiled from 
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August through early fall. This is apparently due to an increase in total nonstructural 
carbohydrates as ambient temperatures decrease (Rayburn et al., 1980). Byran et al., 
(1970) found that tall fescue and reed canarygrass were highest in crude protein in early 
October and lowest in June and July. 
Russell (1996) suggests berseem clover as a stockpiled forage legume due to its 
considerable late summer growth. Cooper (1973) examined the management of sainfoin 
and Birdsfoot trefoil mixtures. He found that both species, seeded in pure stands or 
mixtures, yielded more forage in a hay-stockpiling management regime than in a pasture 
or hay-pasture regime. This research also shows that leaves of sainfoin and BFT are 
more frost-resistant than those of alfalfa and remain on the plant after frost. 
In an experiment using tall fescue and orcharµgrass under different management 
systems, Baker et al. (1988) found that fall grazing enhanced total annual soil fertility 
since spring yields were greater for fall grazing treatments than for conventional hay 
harvesting. It was also noted that when comparing various combinations of hay harvest 
and grazing management, that grazing meadows in the fall resulted in more forage 
production than an all-hay system (Baker, 1988). 
Legumes can be very useful in a stockpiled situation, especially when interseeded 
into a grass stand. The quality of stockpiled forage grasses and crop residues is usually 
low, therefore, legumes may be effective as a protein supplement for fall saved pasture 
and com stalk grazing, specifically in a strip-crop situation. 
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Protein quality 
Grazing ruminants have a highly developed and specialized mode of digestion 
that allows them better access to energy in the form of fibrous feeds than most other 
herbivores. Their digestive system consists of pregastric retention and fermentation with 
symbiotic microorganisms, which help them maximize the utilization of cellulosic 
carbohydrates (Van Soest, 1994). 
Protein is the major component of all ruminant products and is required for 
maintenance and production. Protein requirements for ruminants are generally expressed 
as crude protein (CP), which equals nitrogen (N) * 6.25. Protein needs range from 70 g 
CP/kg DM for mature beef cows to 190 g CP/kg DM for high producing, lactating dairy 
cows (NRC, 1984, 1989). The average crude protein concentration in warm-season 
grasses, cool-season grasses, and cool-season legumes is 100, 129, and 170 g CP/kg DM 
respectively (Minson, 1990). 
Forage protein is available to the animal from two sources; microbially 
synthesized protein and dietary protein, which escapes microbial degradation in the 
rumen (Broderick, 1994). Extensive protein degradation in the rumen by microbes is 
often inefficient due to the fact that microorganisms can both synthesize and degrade 
protein, and often a larger amount of protein is degraded than synthesized. Undegraded 
intake protein (UIP) is protein that escapes the rumen undegraded by microbes, which 
allows more amino acids to reach the small intestine where it is utilized more efficiently 
by the animal, and therefore increases animal performance. 
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Undegraded intake protein is composed of protected dietary proteins, amino acids 
and peptides (Redfearn and Jenkins, 2000). Even though UIP is important in the 
ruminant diet and may enhance production, microbial protein synthesis is also essential to 
meet microbial needs so microorganisms can provide adequate fiber digestion, volatile 
fatty acid production and production of C skele.tons (Redfearn and Jenkins, 2000). 
Therefore, it is important to supply both rumen degradable protein as well as escape 
protein when developing feeding strategies. 
The proportion of escape protein is greater in mature plants of some species and is 
higher in legumes with moderate amounts of tannins, such as BFT. Condensed tannins, 
found in many legumes, are known to decrease protein degradation by altering the forage 
proteins or by inhibiting microbial proteases (Broderick, 1995). The ability to precipitate 
protein is the defining characteristic of tannins or plant polyphenols (Hagermann et al., 
1998). Low levels of tannin will increase the quantity of amino acids absorbed from the 
intestines (increase UIP) and can reduce bloat, but high levels of tannin will reduce 
voluntary intake and depress production (Minson, 1990). 
To fully characterize rumen degradable and escape protein estimates, rate of 
intake and passage must be taken into account. The passage rate of legumes compared to 
grasses may play an important role in escape protein levels. Beever et al., (1986) found 
that in a study comparing white clover and ryegrass, the overall rate of disappearance of 
large particles(> 1mm) was significantly faster for the white clover than the grass diet. 
The particles of white clover were much more likely to pass freely from the rumen than 
those from grass (Mosely and Jones, 1984). 
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Temperate legumes are usually eaten in greater quantities than grasses, due to 
lower resistance to breakdown during eating and ruminating (Minson, 1990). This lower 
resistance to breakdown is probably due to the smaller quantity of cell wall constituents 
and smaller length-to-width ratio of the fibers (Ulyatt; 1970). Ultimately, the total 
quantity of CP leaving the rumen will be further increased by the higher voluntary intake 
of diets containing legume. 
Effects of cold temperature 
In the field, air and ground temperatures are subject to climatic fluctuations and 
rates of temperature change may be low (Franks, 1981). Temperate plants go through an 
acclimatization period where there is a seasonal adjustment of their physiology to 
changes in the environmental temperature. When temperatures drop enough, plants may 
experience cold shock, in which there is no water/ice phase change in the system. Plants 
may recover from cold shock injury as temperatures rise again. However, as plant tissues 
are exposed to sub-freezing temperatures, freeze injury occurs. Freezing injury is the 
damage to an organism during a reduction in temperature when there is a water/ice phase 
change in the system (Morris and Clark, 1981). 
Freeze injury in plants is primarily a consequence of membrane destabilization 
resulting from freeze-induced dehydration (Steponkus, 1984). Ice formation occurs in 
intercellular spaces by heterogeneous nucleation, and then propagates into the 
intercellular matrix. A gradient of the chemical potential is established between the ice 
outside the cell and the unfrozen solution inside the cell (Uemura and Steponkus, 1999). 
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To attain equilibrium, water inside the cell comes out into the intercellular space and 
subsequently freezes. Further cooling results in the continued growth of ice crystals 
outside of the cells and a decline in cell water content (Ashworth and Abeles, 1984). 
This ultimately results in cellular dehydration and deformation of cells. 
The rigid ice lattice structure extends with decreasing temperature and may 
eventually pierce cell walls and cell membranes to an extent that is beyond repair by 
normal plant processes (Andrews, 1996). This intracellular ice formation is lethal to 
biological organisms due to the loss of compartmentation that occurs when cellular 
membranes are punctured (Levitt, 1980). 
Due to piercing of membranes, cell contents may then be exposed to concentrated 
toxic substances, which may produce denaturation of cell components such as proteins 
(Fujikawa et al., 1999). These toxic substances that are released may initiate "anti-
quality" responses such as the release of tannins and phenol oxidases. Anti-quality 
factors are mainly attributed to natural compounds that are present in the plant which 
often arise from secondary metabolism (D'Mello and Macdonald, 1996). 
Metabolites affecting protein quality 
Anti-metabolites mainly exist to protect the plant, whether it be from herbivores 
or the environment. They can be defensive chemicals that act as inhibitors by interfering 
with metabolism of the animal or rumen bacteria. Increased levels of tannins, phenol 
oxidases, and cyanogens in forage plants are associated with stress and may be caused by 
injury from wilting, cutting, and grazing, as well as freezing (Van Soest, 1994). 
Condensed tannins are associated with many forage legumes. However, legumes 
such as alfalfa, red clover, white clover, kura clover, and crownvetch show no tannin 
concentration. Broderick and Albrecht (1997) observed that red clover, which does not 
contain tannins, had protein degradability comparable to forages with low levels of 
tannin. This may be explained by the polyphenol oxidase enzyme system in red clover. 
Jones et al (1995) reported that this enzyme system in red clover converts phenols present 
in the herbage into quinones that react rapidly with proteins. These quinones likely also 
react with proteolytic enzymes. 
Condensed tannins form strong complexes with protein and other macromolecules 
(Van Soest, 1994). Tannins are often associated with both positive and negative roles in 
forage legumes. It has been found that condensed tannins reduce various aspects of 
rumen function, which result in depressed intake and liveweight gain ( McGraw and 
Hoveland, 1995, Barry and Duncan, 1984). Rumen function is reduced due to 
complexing of condensed tannins with microbial extracellular enzymes, and it is possible 
that high-tannin legumes cause a deficit of rumen-degradable N in ruminants. It is this 
lack of degradable N that may impair digestibility of rumen carbohydrates (D'Mello and 
Macdonald, 1996; Barry et al., 1986). 
However, condensed tannins are also beneficial to rumen nutrition. At high 
concentrations, they play an important role in protein utilization by increasing UIP. The 
complex between condensed tannins and proteins are insoluble at rumen pH values 
between 4 and 7, but at the low pH of the abomasum and the high pH of the small 
intestine, the complex becomes soluble and protein is released (Barry and Reid 1986; 
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D'Mello and Macdonald, 1996). Release of protein into the small intestine is beneficial 
due to higher efficiency of protein utilization there than in the rumen. 
Condensed tannins in the plant are located in the cytoplasm and vacuoles. When 
freezing occurs and ice penetrates cell membranes, tannins are released from the 
vacuoles. When plants are subsequently grazed, tannin levels may decrease intake and 
gain. However, tannins as well as other anti-metabolites released as a result of freeze 
injury may be beneficial in that they may bind cytoplasmic proteins and increase UIP 
levels in the plant. Knowing which species of legume will produce an increase in UIP 
after a freeze injury would be beneficial to farmers when managing for grazing stockpiled 
pastures. 
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CHAPTER THREE 
GREENHOUSE STUDY TO DETERMINE THE PROTEIN QUALITY OF 
VARIOUS STOCKPILED CLOVER SPECIES 
A paper to be submitted to Agronomy Journal 
Wendy J. Hartmann, K.J. Moore, E.C. Brummer, M.H. Wiedenhoeft 
ABSTRACT 
The quality of fall-saved pasture and crop residues are often low. Including 
legumes in stockpiled forages is a good way to increase nutritive value. Evidence 
suggests that :freezing may further increase the quality of legumes in a stockpiled pasture. 
This study was conducted to determine the effects of freezing on the protein quality of 
stockpiled red (Trifolium pratense), white (T repens), berseem (T alexandrinum) and 
crimson (T incarnatum) clovers. The experimental layout was a randomized complete 
block with four replications. Each species was planted into sixteen, 20-cm pots and 
grown in a greenhouse. Initial growth was defoliated from 20 cm to 5 cm. Regrowth 
was allowed to accumulate to 20 cm, at which time one-fourth of the pots were sampled 
and the remaining pots were subjected to sub-freezing temperatures for a 24-hour period. 
Following :freezing, pots were returned to ambient greenhouse conditions and four pots of 
each species were sampled at 1, 7, and 21 days after :freezing. Quality analysis included 
crude protein (CP), residual crude protein, and undegraded i1J.take protein (UIP). There 
was no significant change in CP concentration after :freezing. However, residual crude 
protein and UIP did change over time. Initial CP ranged from 161 g kg-1 DM for berseem 
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clover to 211 g kg-1 DM for crimson clover. Following freezing, UIP concentrations 
increased in both red and crimson clover and declined for white and berseem clover. For 
all species, UIP decreased linearly following the initial increase or decrease that occurred 
in response to freezing. We have hypothesized that the increase in UIP in red and 
crimson clover was due to the binding of cytoplasmic proteins by anti-metabolites from 
disruption of the vacuole during freezing. 
INTRODUCTION 
The single largest cost in cow-calf and sheep production is winter feeding costs 
(Barnhart et al., 1998). Hay or silage is often cut and stored to feed animals after the 
normal grazing season. However, use of preserved feeds can be significantly reduced 
with the use of stockpiled pasture to extend the grazing season. In the Midwest, corn 
crop residues are often grazed in late fall and can be followed by grazing of stockpiled 
perennial forages after corn residue supplies are depleted (Barnhart et.al., 1998). 
In the past, much of the research done on stockpiling of forages has been 
conducted on cool-season grasses. However, any grass or legume may be used for 
stockpiling. Legumes are generally higher in protein than grasses (Nelson and Moser, 
1995), and there is an increased voluntary consumption of legumes over grasses by 
ruminant livestock (Beever and Thorp, 1996). Stockpiled legumes would be very 
effective as a protein supplement to corn residue grazing, and when put into a mixture 
with grass will provide the nitrogen needed while increasing forage nutritive value and 
yields (Barnhart et al., 1998). 
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Forages meet protein requirements of ruminants by providing degraded crude 
protein (CP) for microbial protein synthesis along with protein that escapes ruminal 
degradation (Broderick, 1994). Protein that escapes microbial degradation in the rumen, 
undegraded intake protein (UIP), allows more amino acids to reach the small intestine 
where it is utilized more efficiently by the animal. 
Rate of intake of forage legumes also may increase the amount of UIP in a diet. 
Legumes are usually eaten in greater quantities than grasses due to lower resistance to 
breakdown during eating and ruminating (Minson, 1990). The overall rate of 
disappearance of large particles (> 1mm) is faster for legumes than grasses (Beever et al., 
1986). Ultimately, the total quantity of CP leaving the rumen will be further increased by 
the higher voluntary intake of diets containing legumes. 
Undegraded intake protein in legumes may increase due to high condensed tannin 
levels in the plant. The defining characteristic of tannins is the ability to precipitate 
protein (Hagermann et al., 1998}. Condensed tannins found in many legumes are known 
to decrease protein degradation by microbes due to binding forage proteins or by 
inhibiting microbial proteases (Broderick, 1995). Low levels of tannin will increase the 
quantity of amino acids absorbed from the intestines and can reduce bloat, but high levels 
of tannin will reduce voluntary intake and depress gain (Minson, 1990). 
Red clover and white clover do not seem to contain any measurable level of 
tannins, however, it has been observed that red clover has lower protein degradability 
comparable to forages with low levels of tannin (Broderick and Albright, 1997). Jones et 
al. (1995) believe that this reduced degradation ofred clover protein by ruminal microbes 
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is due to the polyphenol oxidase system where converted phenols present in the plant 
become quinones that react quickly to bind with proteins and proteolytic enzymes. 
Russell (1998) found that berseem clover had an increase in undegraded intake 
protein (UIP) following a freeze. When plants are subject to sub-freezing temperatures, 
freeze injury occurs where there is a water/ice phase change in the plant system (Morris 
and Clark, 1981 ). Ice formation occurs in intercellular spaces and creates a gradient 
between the ice outside the cell and the unfrozen solution inside the cell (Uemura and 
Steponkus, 1999). To gain equilibrium, the water inside the cell moves out into the 
intercellular space and freezes. Eventually, as more and more water is pulled out of the 
ceU, dehydration occurs and cells become deformed. 
As the web of ice continues to grow while the temperature drops, ice may 
eventually pierce cell walls and cell membranes to a point where recovery is impossible 
(Andrews, 1996). When membranes are pierced, cell contents may become exposed to 
anti-metabolites, which may produce denaturation of cell components such as proteins 
(Fujikawa et al., 1999). 
These anti-metabolites are often referred to as defensive chemicals, which exist to 
protect the plant from herbivores and/or the environment. Defensive chemicals are often 
expressed when plants are stressed from wilting, cutting, grazing, or freezing (Yan Soest, 
1994). Many of these substances such as tannins are found in the plant vacuole. When 
freezing occurs and ice penetrates cell membranes these substances are released from the 
vacuoles. When pastures are then grazed, tannin levels may decrease animal intake and 
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gam. However, tannins as well as other anti-metabolites released may be beneficial in 
that they may bind cytoplasmic proteins and increase UIP levels in the plant. 
The objectives of this study were to evaluate the protein quality of four clover 
species over the stockpiled grazing period and to assess the impact of freezing on protein 
quality. 
METHODS AND MATERIALS 
Plant material 
Red clover (Trifolium pratense), white clover (T repens), berseem clover (T 
alexandrinum) and crimson clover (T incarnatum) were grown in a greenhouse. Each 
species was planted into sixteen, 20-cm pots. Plants were grown under 15 h of light with 
day and night temperatures of24 and 18°C, respectively. After emergence, each pot was 
thinned to contain six plants. 
Initial growth was approximately 20 cm before plants were defoliated to a height 
of 5 cm. Regrowth was allowed to reach 20 cm, at which time one-fourth of the pots 
were sampled and the remaining pots were subjected to sub-freezing temperatures for a 
24-hour period. Following freezing, pots were returned to previous ambient greenhouse 
conditions and four pots of each species were sampled at 1, 7, and 21 days following 
freezing. Samples were put into paper bags and freeze-dried at 20 °C. Dried samples 
were then ground in a UDY mill to pass through a 1-mm screen. 
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Forage quality 
All samples were analyzed for total nitrogen, crude protein (CP), residual 
nitrogen and undegraded intake protein (UIP). Crude protein was determined by 
obtaining the Kjeldahl N value for each sample and multiplying by 6.25 (Bremmer and 
Breitenbeck, 1983). Ruminal protein degradation for all samples, specifically 
undegraded intake protein, was estimated using a commercial proteolytic enzyme. 
Protease type XIV from Streptomyces griseus, (SPG) Sigma Chemical Co. (P-5147), was 
used in an in vitro method where samples were incubated for 48 h (Coblentz et al., 1999). 
Statistical analysis 
Data were analyzed as a randomized complete block design, with four replications 
and four treatments per replication. Statistical analysis was performed using the General 
Linear Model procedure of Statistical Analysis System (SAS, 1985). Main effects and 
the interaction of time and species were tested for significance. The significance level for 
all comparisons was P:S 0.05 unless otherwise indicated. 
RESULTS AND ])ISCUSSION 
Initial crude protein concentration ranged from 161 g kg-1 DM for berseem clover 
to 211 g ki1 DM for crimson clover (Table 1). There were no differences in CP 
concentrations among the clovers·before freezing. However, undegraded intake protein 
was highest for berseem clover. There was no significant.difference in CP concentration 
after freezing. However, protein constituents, residual nitrogen and undegradedintake 
protein, did change over time. 
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Following freezing, UIP as a percent of CP increased significantly in both red and 
crimson clover and declined for white and berseem clover (Figure 1). For all species, 
UIP percent decreased linearly following the initial increase or decrease that occurred in 
response to freezing. 
In this study, average UIP percent over harvest and species was 16 % CP. In 
studies conducted during normal grazing periods, white clover ranged from 19 to 26% 
(Beever et al, 1987). Broderick and Albrecht (1997) found white clover levels of 17 to 
22%, and red clover levels of 27 to 30%. Therefore, UIP levels found in this study may 
be low, but are comparable to other frequently used forages. However, Broderick (1995) 
reports that ruminal escape protein should approximate 35% when the animal is obtaining 
all of its nutrients from forage. Therefore, the UIP levels reported in this study would not 
be adequate and other sources of escape protein would need to be provided. 
CONCLUSION 
We have hypothesized that the increase in UIP in red and crimson clover was due 
to the binding of cytoplasmic proteins by anti-metabolites from the vacuole. Disruption 
of the tonoplast, as a result of freeze injury from ice penetration, allows anti-metabolites 
often located in plant vacuoles to mix with cell contents. Ultimately, proteins are 
precipitated and protected from microbial breakdown in the rumen so they may pass into 
the small intestine undegraded. Evaluating which species will increase in UIP following 
a frost will help farmers select species for stockpiled pastures and supplement feeds. 
23 
However, in the field there is a seasonal adjustment of a plant's physiology to 
changes in environmental temperature (Morris and Clark, 1981). Plants in this 
experiment were not allowed to become acclimated to cool temperatures before freezing, 
as greenhouse temperatures were not reduced before plants were subjected to sub-zero 
temperatures. This factor may influence the quantity and availability of anti-metabolites 
in plants, as well as what kind of impact they have on protein constituents. These 
questions may be answered by conducting this experiment in the field or by using growth 
chambers to control the environment. 
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Table 1. Mean crude protein and undegraded intake 
protein for four clover species harvested before freezing 
and 1,7, and 21 days after freezing (DAF). 
cp* UIP 
---------------g kg- D M---------------
Red Clover 
0 DAF 198 32 
1 DAF 216 37 
7 DAF 214 36 
21DAF 212 32 
White Clover 
0 DAF 185 29 
1 DAF 186 27 
7 DAF 212 27 
21 DAF 188 22 
Berseem Clover 
0 DAF 161 29 
1 DAF 186 31 
7 DAF 176 28 
21DAF 165 25 
Crimson Clover 
0 DAF 211 33 
1 DAF 206 35 
7 DAF 199 32 
21 DAF 203 30 
SEM 1.28'' · .28 
* CP, crude protein; UIP, undegraded intake protein. 
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Figure 1. Undegraded intake protein as a percent of crude protein of four clover 
species harvested before freezing and 1, 7 and 21 days following freezing. 
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CHAPTER FOUR 
PROTEIN QUALITY OF VARIOUS STOCKPILED FORAGE LEGUMES 
AFFECTED BY FREEZING 
A paper to be submitted to Agronomy Journal 
Wendy J. Hartmann, K.J. Moore, E.C. Brummer, M.H. Wiedenhoeft 
ABSTRACT 
The quality of fall saved pasture and crop residues is often low. Including 
legumes in stockpiled forage is a good way to increase nutritive value. Evidence 
suggests that freezing may further increase the quality of legumes in a stockpiled pasture. 
The objective of this study was to evaluate the potential of legumes for fall stockpiling. 
The protein quality of various forage legumes was evaluated at different harvest dates 
following a freezing event (?:..27 °C). Plots often forage legumes were established in the 
spring of 1998 and 1999 near Boone, Iowa. Four replications of each species were laid 
out in a randomized complete block design. Subplots were harvested before the first 
killing frost, and 1, 7, 14 and 28 days after freezing. Quality analyses included crude 
protein (CP), undegraded intake protein (UIP), neutral detergent fiber (NDF) and true 
digestibility (TD). All variables studied showed a significant difference between years. 
In 1998, compared to 1999, crude protein was lower, UIP was higher, NDF was higher 
and TD was lower. The differences in years are most likely caused by the first frost in 
1998 taking place a month earlier than in 1999, and average daily temperatures following 
freezing were much higher in the second year. Crude protein averaged 153 g kg-1 DM 
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and 193g kg-1 DM in 1998 and 1999, respectively, over harvest date and species. 
Undegraded intake protein levels remained high in both years. Sweetclover had the 
highest UIP values with 40 and 33% CP in 1998 and 1999, respectively, while white 
clover had the lowest UIP (21 % CP) in both years. In 1999, because of unusually warm 
weather, plants seemed to recover from the early frost and continued to grow. Plants 
originally decreased in digestibility and increased in NDF in 1999, both trends then 
reversed following the fourth harvest when temperatures began to drop below freezing 
again. Quality parameters in the fall, when managers are utilizing stockpiled pastures, 
are very dependent on environment. Both years of this study were conducted during very 
mild falls with little precipitation or harsh weather. Under more adverse weather 
conditions, leaves may drop or forage may be covered with snow or ice, and legume 
quality may suffer to a much greater degree. 
INTRODUCTION 
Protein is the major component of all ruminant products and is needed for 
maintenance and production. Forage protein can be obtained by the animal in two ways, 
from microbially synthesized protein and dietary protein (Broderick, 1994). Dietary 
protein escapes the rumen undegraded by microbes. This allows more amino acids to 
reach the small intestine where it is utilized more efficiently by the animal and results in 
enhanced animal performance. 
Undegraded intake protein (UIP) in legumes is higher than grasses because of 
higher rate of passage in legumes. Temperate legumes are usually eaten in greater 
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quantities than grasses, because of lower resistance to breakdown during eating and 
ruminating (Minson, 1990). Beever et al. (1986) found that the rate of disappearance of 
large particles(> 1mm) was significantly faster for white clover than grass diets. Overall, 
the total quantity of CP leaving the rumen will be further increased by the higher 
voluntary intake of diets containing legumes. 
It has been documented that condensed tannin levels in legumes play a role in 
elevated UIP concentrations. Tannins in the plants form cross-linkages with proteins and 
other macromolecules, which protect protein in the rumen from microbial breakdown 
(D'Mello and Macdonald, 1996). 
Broderick and Albrecht (1997) observed that red clover, which contains no 
measurable tannins, had less ruminal degradation of proteins compared to forages that do 
contain low levels of tannin. This is most likely due to the polyphenol oxidase system 
with converts phenols present in the plant into quinones that react rapidly with proteins 
and proteolytic enzymes (Jones et al., 1995). 
Tannins and other anti-metabolites are defensive chemicals that can act as 
inhibitors by interfering with animals' metabolism or inhibiting rumen bacteria. 
Increased levels of these anti-metabolites in forage plants are linked with stress and may 
be caused by injury from wilting, cutting, grazing and freezing (Van Soest, 1994). 
Russell (1998) found that berseem clover had increased UIP levels following a 
freeze in a stockpiled grazing experiment. Freeze injury in plants may be the cause of 
this increase. 
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When plants are exposed to sub-freezing temperatures, ice formation occurs in 
intercellular spaces. A chemical gradient between the ice outside the cell and the 
unfrozen solution inside the cell is established (Uemura and Steponkus, 1999). To attain 
balance, water inside the cell moves out into the intercellular space and freezes. 
Eventually, membrane destabilization occurs due to cellular dehydration (Steponkus, 
1984). 
As the ice web continues to grow, it will eventually pierce cell walls and cell 
membranes to a point where plant processes can no longer continue (Andrews, 1996). 
When membranes are punctured, cell contents may be exposed to concentrated anti-
metabolites, which may produce denaturation of cell components such as proteins 
(Fujikawa et al., 1999). 
Many plants defensive chemicals like tannins are found in vacuoles and may be 
released into the cytoplasm when those vacuoles are punctured by ice. When plants are 
subsequently grazed, high tannin levels may decrease gain and intake. However, tannins 
as well as other anti-metabolites released may be beneficial in that they may bind 
cytoplasmic proteins and increa~e UIP levels in the plant. Therefore, in a stockpiled 
grazing situation, highest quality may occur following freezing. 
The objective of this study was to assess the impact that freezing had on the 
protein quality of ten stockpiled forage legume species. 
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METHODS AND MATERIALS 
Plant material 
Ten forage legume species representing a range of lifecycles, (perennial, biennial, 
annual, and winter annual), were evaluated for protein quality. The species were crimson 
clover (Trifolium incarnatum), white clover (T. repens), red clover (T. pratense), kura 
clover (T. ambiguum), berseem clover (T. alexandrinum), alfalfa (Medicago sativa), hairy 
vetch (Vicia villosa), crownvetch (Caronilla varia), sweetclover (Melilotus officinalis), 
and birdsfoot trefoil (Lotus corniculatis). 
Plant establishment 
Plants were grown at the Iowa State University Sorenson Research Farm near 
Boone, IA (42 N, 93 W), on a Webster-Nicolet (fine-loamy, mixed, superactive, mesic, 
Typic Engoquoll) soil during 1998 and 1999. Seeds were planted in the spring on 18 
May in 1998 and 23 March in 1999. The seedbed was rotary tilled and plots were seeded 
with an Almaco planter. Plots were 0.9 x 7.6 m and 1.5 x 4.6 min 1998 and 1999, 
respectively. Border rows of alfalfa were planted around each replication to reduce 
border effects. Plots were hand weeded and no fertilizer or herbicides were used. In both 
years, insecticide was applied to control potato leafhopper (Empoascafabae) and green 
cloverworm (Plathypena scabra). Prior to stockpiling, plots were defoliated on 21 July 
in 1998 and 2 August in 1999. 
Forage quality 
Samples were taken for each species at five harvest dates commencing 2 
November in 1998 and 1 October in 1999. The five harvest dates were immediately 
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before the first killing frost and 1, 7, 14, and 28 days following freezing. Subplots were 
hand-harvested and put into cloth bags for drying in a forced-air dryer at 38 °C for 3 to 4 
days (Farnham et al., 1997). Dried samples were then ground sequentially in Wiley and 
UDY mills with 8- and I-mm screens, respectively. Near infrared reflectance 
measurements were taken on all samples using a scanning monochromator. Forty 
samples from each year were selected on the basis of spectral characteristics (Shenk and 
Westerhaus, 1991) as calibration samples to be analyzed for NDF, CP, UIP, and TD. 
Near infrared reflectance spectroscopy prediction equations were developed using 
modified partial least squares regression to predict UIP and nitrogen (N) and NDF values 
used to calculate· CP, NDF, and TD. The standard error of calibration (SEC), coefficient 
of determination (R2), standard error of cross validation (SECV), validation coefficient of 
determination (I-RV), and wavelength for prediction equations are shown in Tables 1 
and 2 . 
. Neutral detergent fiber was determined using the ANKOM fiber analyzer as 
described by Vogel et al. (1999). The NDF procedure was modified by adding 4 ml of 
heat stable Alpha-amylase to the NDF solution before extraction. Crude protein was 
determined by obtaining the Kjeldahl N value for each sample and multiplying by 6.25 
(Bremmer and Brietenbeck, 1983). 
All of the calibration samples for each year were analyzed for fiber and protein 
digestion characteristics. Fermentation times were 4, 16, and 48 hours, along with a zero 
time (NDF N) sample that was used as a standard. Samples were digested in vitro in 
nylon bags for the set time in rumen fluid, then NDF was determined from the residues 
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using the ANKOM 200 Fiber Analyzer. After NDF analysis, the remaining N (residual 
N) was determined for each sample as previously described and used to estimate 
undegradable protein, CPu, which is equal to residual N*6.25. 
Ruminal protein degradation for the calibration samples, specifically undegraded 
intake protein, was estimated by means of an in vitro method using a proteolytic enzyme. 
Protease type XIV from Streptomyces griseus, (SPG) Sigma Chemical Co. (P-5147), was 
used in an in vitro method where samples were incubated for 48 h (Coblentz et al., 1999). 
True digestibility (TD) was estimated using a modification of Redfearn et al., 
(1999) and partitioned into cell solubles (Cs), digestible fiber (CD), and their associated 
digestion parameters: 
TD= Cs+ CD [1-e-k(t-L)] 
Cs= 1000-NDF = 1000 - Co 
CD = initial NDF - (residual NDF at 48 h) = Co - C4s 
Where: 
Co = NDF concentration (g NDF ki1 initial DM) 
C48 = residual NDF concentration (g NDF kg-1 initial DM) following 48 h of in 
vitro incubation 
Rate of fiber digestion (k) and digestion lag time (L) were calculated as follows: 
k = [ln (C4 - C4s) - ln(C16 - C4s)]/[ 4-16] 
L = {(ln Co- C4s)- 0.05 [ln (C4- C4s)(CwC4s)- k(4+ 16)]}/ k 
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Statistical analysis 
The experimental layout was a randomized complete block in a split-plot 
treatment arrangement with four replications and ten plots per replication. Each species 
represented a whole plot, while the five harvest dates were sub units. Statistical analysis 
was performed using the General Linear Model procedure of the Statistical Analysis 
System (SAS, 1985). Main effects and the interaction of harvest, year and species were 
tested for significance using analysis of variance. Mean comparisons were made by 
using an F-protected LSD (Steele and Torrie, 1980). The significance level for all 
comparisons was P:::: 0.05 unless otherwise indicated. 
RESULTS AND DISCUSSION 
The nutritive value of all legume species was relatively high at the time of 
freezing. All variables studied showed a significant difference between years. In 1998, 
crude protein was lower, UIP was higher, NDF was higher, and TD was lower than the 
values observed in 1999. These differences in years may be due to the environmental 
differences. 
In 1998, the first killing freeze occurred on 3 November and harvests were taken 
through November into the beginning of December. In 1999, the first killing freeze 
occurred a month earlier on 2 October and harvests were made through 1 November. 
The average daily temperatures during the 1999 harvests were much higher than in 1998 
(Figures 1 and 2). During the harvest period, the average high temperature in 1998 was 
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11 °C in 1998, as compared to 18°C in 1999. The average low temperature over the 
harvest period was 0°C in 1998 and 3°C in 1999. 
In 1999, along with the earlier freeze, there were also higher temperatures leading 
up to the freeze. In the month before freezing occurred, the average high temperature 
was 15°C in 1998 and 22°C in 1999, while the average low temperature was 5°C in 1998 
and 8°C in 1999. The growing degree days for the month preceding the first harvest 
were 191 and 366 in 1998 and 1999, respectively. Plants had less time to acclimate to 
cool temperatures and "harden". Except for sweetclover, it was observed in both years 
that all legumes had little leaf drop during the harvest period. These differences in 
environment and the difference in physiological acclimation from the fall of 1998 to 1999 
most likely explains why crude protein and true digestibility were higher in 1999 than 
1998 and inversely, why neutral detergent fiber was lower. 
Averaged over harvest date and species, CP concentration differed significantly 
between 1998 (153 g ktI DM) and 1999 (193 g ktI DM). Crude protein generally 
declined after freezing in both years (Figure 3). Crude protein digestion parameters, 
undegradable crude protein, and undegraded intake protein, for three species are shown in 
Tables 3 and 4. 
Crude protein was affected by the harvest date and species (Tables 5 and 6). 
Averaged over harvest dates, hairy vetch had the highest CP concentration with 
217 g kg-I DM in 1998, and crimson clover had the highest CP in 1999 with 218 g kg-I 
DM. Lowest CP concentrations were BFT with 139 g ktI DM and alfalfa with 
162 g kg-I DM in 1998 and 1999, respectively. 
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Undegraded intake protein was affected by species and harvest date (Tables 7 and 
8). Averaged over harvest date, white clover had the lowest UIP (21 % CP) in 1998 and 
1999, respectively. In both years, sweetclover had the highest UIP values with 40 and 33 
% CP in 1998 and 1999, respectively. Undegraded intake protein concentration did not 
follow a linear trend in 1998, but generally increased with time after freezing in 1999 
(Figures 4 and 5). After freezing, this increasing trend in 1999 is most likely explained 
with the accompanying decline in total crude protein as maturity and weathering increase. 
Species and the interaction of species and harvest date were significant for neutral 
detergent fiber concentration (Tables 9 and 10). White clover had the lowest overall 
NDF concentration averaged over harvest date in both years, while sweetclover was 
highest in 1998 and berseem clover in 1999. The greatest increase in NDF was in kura 
clover in 1998 and sweetclover in 1999, while the smallest change was observed in red 
clover in 1998. Crimson clover and hairy vetch actually decreased in NDF concentration 
over time in 1999. 
Averaged over harvest date and species, NDF differed significantly over years, 
with 1998 having much higher values ( 413 g kg-1 DM) than 1999 (304 g ki1 DM). 
Neutral detergent fiber, averaged over species, increased linearly with time after freezing 
in 1998. In 1999, however, values slightly increased from Oto 7 days after freezing, then 
dropped from 7 to 14 days, and then began to increase again (Figure 6), even though 
NDF is known to increase over time as plants mature. 
In 1999, plants originally decreased in digestibility and increased in NDF, 
however,.the trend reversed and plants seemed to have recovered from the initial freeze 
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mJury. The legumes kept growing until 14 days after .freezing when NDF finally 
increased and TD finally decreased when temperatures began to regularly drop below 
freezing (Figure 7). 
True digestibility was significantly higher in 1999 than in 1998. Digestibility 
parameters, cell solubles, digestible fiber, indigestible fiber and TD, for three species are 
shown in tables 11 and 12. Digestibility was lowest for alfalfa (702 g kg-1 DM) and 
berseem clover (813 g kg-1 DM) in 1998 and 1999, respectively, and was highest for 
white clover in both years, averaging 914 g kg-1 DM. Averaged over harvest date and 
species, forages harvested in 1998 were much lower in true digestibility with 766 g kg-1 
DM, while those harvested in 1999 showed 870 g kg-1 DM (Figure 5). In 1998, TD 
increased slightly after the first harvest and then decreased linearly. In 1999, digestibility 
decreased following the first harvest then increased until harvest four when it decreasesd 
agam. 
There was a negative relationship between true digestibility and undegraded 
intake protein. As TD increased, UIP levels decreased due to the high rate of 
digestibility. As digestibility increases, more CP is degraded in the rumen and therefore 
not passed into the small intestine. This relationship is most evident in white clover and 
hairy vetch. However, a feeding trial would have to be conducted to relate intake and 
rate of passage. 
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CONCLUSION 
When all of the forage quality parameters studied are considered it can be 
concluded that legumes can be of great benefit in a stockpiled pasture situation. 
However, quality parameters may decline faster when under harsher environmental 
conditions in fall than those observed during this experiment. With cooler temperatures 
and harsher precipitation, leaves tend to drop, forage may be covered by snow or ice, and 
quality would suffer to a much greater degree. 
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Table 1. Near Infrared Reflectance Spectroscopy prediction calibration statistics for 
digestible fiber (Cn), initial N, residual N, and undegraded intake protein (UIP), expressed 
in terms ofDM and% CP in 1998. 
Variable N* SEC R2 SECV 1-VR Wavelengths 
Cn 40 11.75 0.98 17.87 0.95 256 
Initial N 40 0.32 0.99 0.88 0.96 256 
Residual N 39 0.28 0.96 0.44 0.92 243 
UIP gki1 DM 38 1.64 0.98 3.39 0.89 252 
UIP ¾CP 40 0.82 0.99 2.63 0.86 252 
* N, number of terms in model; SEC, standard error of calibration; R2, coefficient of 
determination; SECV, standard error of cross validation; and 1-VR, validation 
coefficient of determination. 
43 
Table 2. Near Infrared Reflectance Spectroscopy prediction calibration statistics for 
digestible fiber (CD), initial N, residual N, and undegraded intake protein (UIP), expressed 
in terms ofDM and% CP in 1999. 
Variable N* SEC R2 SECV 1-VR Wavelengths 
CD 40 0.51 0.99 1.23 0.94 256 
Initial N 40 0.43 0.99 0.10 0.96 256 
Residual N 34 0.03 0.87 0.04 0.71 256 
UIP gkg-1 DM 40 1.03 0.99 3.31 0.92 256 
UIP¾CP 39 0.75 0.99 1.89 0.91 256 
* N, number of terms in model; SEC, standard error of calibration; R2, coefficient of 
determination; SECV, standard error of cross validation; and 1-VR, validation 
coefficient of determination. 
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Figure 1. Daily high and low temperatures during harvest (3 Nov. - 3 Dec.) in 1998. 
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Figure 3. Crude protein (CP) concentration averaged over ten forage legumes species 
for each harvest date in 1998 and 1999. 
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Table 3. Crude protein, undegradable protein and undegraded 
intake protein for three forage legume species harvested before 
freezing and 1,7,14 and 28 days after freezing (DAF) in 1998. 
CP* CPu UIP 
------------------g kg- D M---------------
Red Clover 
0DAF 174 40 68 
lDAF 175 36 62 
7DAF 172 38 66 
14DAF 160 40 61 
28DAF 155 40 66 
Kura Clover 
0DAF 175 20 48 
lDAF 165 21 46 
7DAF 164 26 51 
14DAF 163 20 43 
28DAF 148 19 41 
Hairy Vetch 
0DAF 228 23 42 
1 DAF 216 21 27 
7DAF 218 21 27 
14DAF 212 21 34 
28DAF 213 32 44 
SEM 3.02·. .98 .83 
* CP, crude protein; CPu, undegradable protein; and 
undegraded intake protein. 
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Table 4. Crude protein, undegradable protein and undegraded 
intake protein for three forage legume species harvested before 
freezing and 1,7,14 and 28 days after freezing (DAF) in 1999. 
CP CPu UIP 
-----------------g kg- DM-----------------
Red Clover 
0DAF 
lDAF 
7DAF 
14DAF 
28DAF 
Kura Clover 
0DAF 
1 DAF 
7DAF 
14DAF 
28DAF 
Hairy Vetch 
0DAF 
1 DAF 
7DAF 
14DAF 
28DAF 
SEM 
197 
188 
189 
176 
172 
180 
178 
151 
160 
141 
164 
169 
193 
185 
209 
3.02 
16 
17 
18 
19 
21 
10 
9 
13 
11 
16 
12 
13 
13 
12 
12 
.98 
* CP, crude protein; CPu, undegradable protein; and 
undegraded intake protein. 
58 
57 
63 
63 
66 
34 
35 
35 
37 
43 
33 
35 
39 
38 
38 
.83 
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Table 5. Mean crude protein (CP) concentrations for ten forage legume species 
harvested before freezing and 1,7,14, and 28 days after freezing in 1998. 
Species Days· after freezing 
0 1 7 14 28 
. '-------------------------------gkg DM--------------------------------
Alfalfa 181 169 177 155 154 
Sweetclover 176 161 172 162 162 
Crimson Clover 178 170 173 169 171 
Red Clover 174 175 172 160 155 
Berseem Clover 146 142 143 137 137 
Kura Clover 175 165 164 163 148 
White Clover 221 211 207 204 203 
Crownvetch 149 145 143 142 130 
Hairy Vetch 228 216 218 212 213 
Birdsfoot Trefoil 139 146 146 134 131 
SEM=3.02 
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Table 6. Mean crude protein (CP) concentrations for ten forage legume species 
harvested before freezing and 1, 7, 14, and 28 days after freezing in 1999. 
Species Days after :freezing 
0 1 7 14 28 
--------------------------------gkg-1 DM--------------------------------
Alfalfa 233 219 216 202 172 
Sweetclover 235 232 219 200 188 
Crimson Clover 228 220 230 210 201 
Red Clover 197 188 189 176 172 
Berseem Clover 208 218 201 198 204 
Kura Clover 180 178 151 160 141 
White Clover 221 211 207 204 203 
Crownvetch 149 145 143 142 130 
Hairy Vetch 228 216 218 212 213 
Birdsfoot Trefoil 139 146 146 134 131 
SEM=3.O2 
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Table 7. Mean undegraded intake protein (UIP) for ten forage legume species harvested 
before freezing and 1,7,14, and 28 days after freezing in 1998. 
Species Days after freezing 
0 1 7 14 28 
-----------------------------------% CP-------------------------------------
Alfalfa 35 37 37 38 39 
Sweetclover 39 40 39 39 41 
Crimson Clover 28 27 25 28 26 
Red Clover 39 37 37 39 39 
Berseem Clover 32 30 31 30 34 
Kura Clover 29 29 31 29 25 
White Clover 21 18 21 21 25 
Crown vetch 31 31 32 31 31 
Hairy Vetch 21 20 22 23 24 
Birdsfoot Trefoil 34 32 34 36 35 
SEM,,,;,_8J 
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Table 8. Mean undegraded intake protein (UIP) for ten forage legume species 
harvested before freezing and 1,7,14, and 28 days after freezing in 1999. 
Species Days after freezing 
0 1 7 14 28 
-----------------------------------% CP-----------------------------------
Alfalfa 20 21 24 25 31 
Sweetclover 27 29 32 36 41 
Crimson Clover 19 17 22 22 22 
Red Clover 28 30 31 34 39 
Berseem Clover 28 32 33 32 35 
Kura Clover 21 19 24 23 29 
White Clover 19 20 21 22 23 
Crownvetch 21 23 26 26 28 
Hairy Vetch 21 20 20 21 19 
Birdsfoot Trefoil 25 25 31 33 38 
SEM=.83 
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54 
45 -,------------------~ 
4 0 -------------------------------------- ---------------------------------------------------------
35 
30 u 
25 
20 ____ :-:= ___ ____ :::-:-:: ___:::::-: ___ =----=---=---------=---=----=---~---=---i.-------s 15 
10 ---- ---- --- -------------------------------------- ------- ------- ---- --------- ---------------- ---
5 -----------------------------------------------------------------------------------------------
0 -t------,-----,-----,-----,-------,------1 
0 5 10 15 20 25 30 
Days after Freezing 
-+-Red 
.,,,,,._ Kura 
Hairy Vetch 
Figure 5. Undegraded intake protein (UIP) as a percentage of crude protein for three 
forage legume species and each harvest date in 1999. 
55 
Table 9. Mean neutral detergent fiber (NDF) concentrations for ten forage 
legume species harvested before freezing and 1,7,14 and 28 days after freezing in 1998. 
Species Days after freezing 
0 1 7 14 28 
--------------------------------gkg-1 DM--------------------------------
Alfalfa 438 452 464 500 540 
Sweetclover 455 465 474 498 537 
Crimson Clover 385 384 394 402 438 
Red Clover 480 445 467 481 512 
Berseem Clover 417 412 417 452 492 
Kura Clover 323 345 377 373 426 
White Clover 261 245 267 254 310 
Crown vetch 386 386 379 412 473 
Hairy Vetch 381 372 365 371 437 
Birdsfoot Trefoil 404 378 397 426 494 
SEM=8.21 
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Table 10. Mean neutral detergent fiber (NDF) concentrations for ten forage 
legume species harvested before freezing and 1,7,14 and 28 days after freezing in 1999. 
Species Days after freezing 
0 1 7 14 28 
--------------------------------g kg-1 DM--------------------------------
Alfalfa 327 330 317 298 335 
Sweetclover 276 299 302 285 334 
Crimson Clover 236 289 247 229 226 
Red Clover 323 328 320 328 359 
Berseem Clover 342 356 368 339 368 
Kura Clover 281 269 306 279 304 
White Clover 243 262 242 238 261 
Crownvetch 272 269 282 250 280 
Hairy Vetch 370 364 345 344 332 
Birdsfoot Trefoil 299 314 332 340 379 
SEM=8.21 
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species for each harvest date in 1998 and 1999. 
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Table 11. Means of cell solubles, digestible fiber, indigestible fiber, true digestibility, 
and rate of fiber digestion for three forage legume species harvested before freezing 
and 1,7, 14, and 18 days after freezing (DAF) in 1998. 
Cs Co Ci TD k 
----------------g kg- DM--------------- h-
Red Clover 
0DAF 520 187 293 707 0.05 
lDAF 555 187 258 742 0.05 
7DAF 533 197 270 730 0.04 
14DAF 519 182 299 701 0.05 
28DAF 488 214 298 702 0.04 
Kura Clover 
0DAF 677 177 146 854 0.06 
lDAF 655 183 162 838 0.06 
7DAF 623 182 196 804 0.05 
14DAF 627 196 . 177 823 0.06 
28DAF 574 245 181 819 0.04 
Hairy Vetch 
0DAF 619 182 199 801 0.05 
lDAF 628 175 197 803 0.07 
7DAF 635 159 206 794 0.08 
14DAF 629 163 208 792 0.09 
28DAF 563 180 257 743 0.06 
SEM 8.2r· 4.42 7.51 7.51 .003 
* Cs, cell solubles; Co, digestible fiber; Ci, indigestible fiber; TD, true digestibility; 
and k, rate of fiber digestion. 
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Table 12. Means of cell solubles, digestible fiber, indigestible fiber, true digestibility, 
and rate of fiber digestion for three forage legume species harvested before freezing 
and 1,7,14, and 28 days after freezing (DAF) in 1999. 
Cs CD Cr TD k 
· ----------------g kg· DM--------------- h-
Red Clover 
0DAF 677 205 118 882 0.05 
lDAF 672 195 134 866 0.05 
7DAF 680 199 121 879 0.04 
14DAF 672 189 139 861 0.05 
28DAF 641 220 139 861 0.04 
Kura Clover 
0DAF 719 188 93 907 0.07 
lDAF 731 175 94 906 0.07 
7DAF 694 197 109 891 0.06 
14DAF 721 180 99 901 0.07 
28DAF 696 187 117 883 0.05 
Hairy Vetch 
0DAF 630 186 185 815 0.06 
lDAF 636 169 195 805 0.05 
7DAF 655 181 165 835 0.05 
14DAF 656 175 169 831 0.05 
28DAF 668 183 149 851 0.06 
SEM 8.21 4.42· 7.51 7.51 .003 
* Cs, cell solubles; CD, digestible fiber; Cr, indigestible fiber; TD, true digestibility; 
and k, rate of fiber digestion. 
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CHAPTER FIVE 
GENERAL CONCLUSION 
The legume species used in this experiment performed well, had high quality and 
showed the characteristics of having good potential as fall stockpiled forage. In the 
field, crude protein levels still remained high even though they began to decrease linearly 
over harvest time. Undegraded intake protein remained high and ranged from 19 to 41 % 
of total crude protein even at 28 days after freezing. True digestibility was extremely 
high and did not vary much with harvest date in 1999, and in 1998 still averaged above 
730 g kg"1 DM at the final harvest. Neutral detergent fiber inversely followed the pattern 
of TD in both years. 
However, environment plays an important role in fall stockpiled forage quality. 
In the fall of 1999 the first freeze came without a gradual decline in temperature unlike 
1998. Usually a seasonal adjustment to environmental temperature results in an 
adjustment in a plant's physiology (Morris and Clark, 1981 ). Plants in the greenhouse 
experiment were not acclimated to cool temperatures before freezing, and plants in the 
field in the fall of 1999 most likely had less acclimation than plants in 1998. This factor 
may influence the quantity and availability of anti-metabolites in plants, as well as what 
kind of impact they have on protein constituents. 
A harsher fall than those seen in either 1998 or 1999 may also be detrimental to 
forage quality. Legumes may have a loss of leaves from frost in the fall (Matches and 
Bums, 1995), and forage may be covered with snow and ice, which animals may or may 
not graze through. The clovers grown in the greenhouse, which had no cool temperature 
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acclimation before freezing, had a moderate amount of leaf drop due to the cold weather. 
However, in both years of the field study, in which acclimation occurred to some degree, 
only sweetclover had a noticeable drop of leaves during the harvest period. 
Winter feed costs are the largest single expense in cow-calf and sheep production 
(Barnhart et al., 1998). Iowa State University extension points out that grazing of com 
crop residues followed by stockpiled forages in the fall can extend the grazing season and 
reduce the need for stored forages. 
In many fall stockpiling situations, cool-season grasses are utilized much more 
than legumes. However, the addition oflegumes to grass systems would provide 
nitrogen through bacterial fixation as well as increase forage nutritive value and yields 
(Russell, 1996). 
With the high nutritive value observed in these studies, it can be concluded that 
legumes would be very useful for stockpiled forage, especially when interseeded into a 
grass stand. Additionally, legumes would be very effective as a protein supplement to 
fall com stalk grazing, specifically in a strip-crop situation. 
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Table 1. Crude protein, undegradable protein and undegraded 
intake protein for ten forage legume species harvested before 
freezing and 1,7,14, and 28 days after freezing (DAF) in 1998. 
cp* CPu UIP 
----------g kg- DM----------
Alfalfa 
0DAF 181 30 64 
1 DAF 169 28 61 
7DAF 177 29 60 
14DAF 155 28 55 
28DAF 154 32 56 
Sweetclover 
0DAF 176 38 68 
1 DAF 161 34 62 
7DAF 172 39 66 
14DAF 162 38 61 
28DAF 162 45 66 
Crimson Clover 
0DAF 178 21 45 
1 DAF 170 18 43 
7DAF 173 17 42 
14DAF 169 19 43 
28DAF 171 21 42 
Red Clover 
0DAF 178 40 70 
1 DAF 170 36 68 
7DAF 173 38 67 
14DAF 169 40 64 
28DAF 171 40 67 
Berseem Clover 
0DAF 146 25 47 
1 DAF 142 24 44 
7DAF 143 28 49 
14DAF 137 25 40 
28DAF 137 36 49 
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Table 1. (Continued) 
CP CPu UIP 
----------g ki DM----------
Kura Clover 
0DAF 175 20 48 
1 DAF 165 21 46 
7DAF 164 26 51 
14DAF 163 20 43 
28DAF 148 19 41 
White Clover 
0DAF 221 13 42 
1 DAF 211 6 37 
7DAF 207 9 37 
14DAF 204 6 34 
28DAF 203 19 44 
Crownvetch 
0DAF 149 17 48 
1 DAF 145 13 44 
7DAF 143 14 43 
14DAF 142 14 42 
28DAF 130 25 41 
Hairy Vetch 
0DAF 228 23 44 
1 DAF 216 21 45 
7DAF 218 22 46 
14DAF 212 21 45 
28DAF 213 32 52 
Birdsfoot Trefoil 
0DAF 139 21 50 
1 DAF 146 14 46 
7DAF 146 17 48 
14DAF 134 16 47 
28DAF 131 27 43 
SEM 3.02 .98 .83 
* CP, crude protein; CPU, undegradable protein; and 
undegraded intake protein. 
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Table 2. Crude protein, undegradable protein and undegraded 
intake protein for ten forage legume species harvested before 
freezing and 1,7,14, and 28 days after freezing (DAF) in 1999. 
cp* CPu UIP 
----------g kg-1 DM----------
Alfalfa 
0DAF 233 10 51 
lDAF 219 11 49 
7DAF 216 12 52 
14DAF 202 13 51 
28DAF 172 13 52 
Sweetclover 
0DAF 235 15 66 
1 DAF 232 18 69 
7DAF 219 · 19 71 
14DAF 200 22 70 
28DAF 188 22 73 
Crimson Clover 
0DAF 228 8 42 
1 DAF 220 10 37 
7DAF 230 9 44 
14DAF 210 9 44 
28DAF 201 9 43 
Red Clover 
0DAF 197 16 58 
1 DAF 188 17 57 
7DAF 189 18 63 
14DAF 176 19 63 
28DAF 172 21 66 
Berseem Clover 
0DAF 208 17 58 
1 DAF 218 18 60 
7DAF 201 18 61 
14DAF 198 18 59 
28DAF 204 18 63 
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Table 2. (Continued) 
cp* CPu UIP 
----------g ki DM----------
Kura Clover 
0DAF 180 10 34 
1 DAF 178 9 35 
7DAF 151 13 35 
14DAF 160 11 37 
28DAF 141 16 43 
White Clover 
0DAF 227 7 42 
1 DAF 214 8 43 
7DAF 226 7 45 
14DAF 208 7 42 
28DAF 195 8 44 
Crownvetch 
0DAF 196 15 42 
1 DAF 194 15 43 
7DAF 177 16 44 
14DAF 164 16 41 
28DAF 158 16 44 
Hairy Vetch 
0DAF 164 12 33 
1 DAF i69 13 35 
7DAF 193 13 39 
14DAF 185 12 38 
28DAF 209 12 38 
Birdsfoot Trefoil 
0DAF 177 15 45 
1 DAF 181 16 47 
7DAF 170 17 50 
14DAF 159 17 48 
28DAF 143 19 54 
SEM 3.02 .98 .83 
* CP, crude protein; CPU, undegradable protein; and 
undegraded intake protein. 
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Table 3. Means of cell solubles, digestible fiber, indigestible fiber, true digestibility, rate 
of fiber digestion, and digestion lag time for ten forage legumes species harvested before 
freezing and 1,7,14, and 28 days after freezing (DAF) in 1998. 
Cs* Cn C1 TD k 
---------------g kg- DM--------------- h-
Alfalfa 
0DAF 562 172 265 735 0.07 
1 DAF 548 166 286 714 0.08 
7DAF 536 181 283 717 0.06 
14DAF 500 187 313 687 0.07 
28DAF 460 197 343 657 0.05 
Sweetclover 
0DAF 545 155 300 700 0.06 
1 DAF 535 158 306 694 0.08 
7DAF 526 173 301 699 0.07 
14DAF 502 175 323 677 0.06 
28DAF 463 190 347 653 0.04 
Crimson Clover 
0DAF 615 177 208 792 0.07 
1 DAF 616 170 214 786 0.08 
7DAF 606 187 207 793 0.06 
14DAF 598 178 224 776 0.07 
28DAF 562 204 234 766 0.05 
Red Clover 
0DAF 520 187 293 707 0.05 
1 DAF 555 187 258 742 0.05 
7DAF 533 197 270 730 0.04 
14DAF 519 182 299 701 0.05 
28DAF 488 214 298 702 0.04 
Berseem Clover 
0DAF 583 170 246 754 0.07 
1 DAF 588 173 238 762 0.07 
7DAF 583 171 246 754 0.06 
14DAF 548 197 255 745 0.07 
28DAF 508 203 289 711 0.06 
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Table 3. (Continued) 
Cs* Cn Cr TD k 
---------------g kg-1 DM--------------- h-1 
Kura Clover 
0DAF 677 177 146 854 0.07 
lDAF 655 183 162 838 0.07 
7DAF 623 182 196 804 0.06 
14DAF 627 196 177 823 0.07 
28DAF 574 245 181 819 0.05 
White Clover 
0DAF 739 205 56 944 0.07 
1 DAF 755 202 42 958 0.09 
7DAF 733 201 66 934 0.08 
14DAF 746 196 58 942 0.09 
28DAF 690 198 112 888 0.08 
Crownvetch 
0DAF 614 133 252 748 0.06 
1 DAF 614 139 247 753 0.07 
7DAF 621 143 236 764 0.05 
14DAF 588 152 260 740 0.06 
28DAF 527 183 291 709 0.05 
Hairy Vetch 
0DAF 619 182 199 801 0.05 
1 DAF 628 175 197 803 0.07 
7DAF 635 159 206 794 0.08 
14DAF 629 163 208 792 0.09 
28DAF 563 180 257 743 0.06 
Birdsfoot Trefoil 
0DAF 596 151 253 747 0.08 
1 DAF 622 157 221 779 0.08 
7DAF 603 152 246 754 0.06 
14DAF 574 155 272 728 0.08 
28DAF 506 187 307 693 0.06 
SEM 8.21 4.42 7.51 7.51 ·.o03 
* Cs, cell solubles; CD, digestible fiber; Cr, indigestible fiber; TD, true digestibility; 
and k, rate of fiber digestion. 
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Table 4. Means of cell solubles, digestible fiber, indigestible fiber, true digestibility, 
rate of fiber digestion, and digestion lag time for ten forage legumes species harvested 
before freezing and 1,7,14, and 28 days after freezing (DAF) in 1999. 
c/ Co Cr TD k 
---------------g kg-1 D M--------------- h-1 
Alfalfa 
0DAF 673 199 128 872 0.07 
1 DAF 670 174 156 844 0.08 
7DAF 683 169 147 853 0.08 
14DAF 702 157 142 858 0.07 
28DAF 665 168 167 833 0.06 
Sweetclover 
0DAF 724 156 120 881 0.06 
1 DAF 701 160 138 862 0.07 
7DAF 698 155 147 853 0.06 
14DAF 715 133 151 849 0.04 
28DAF 666 163 171 829 0.05 
Crimson Clover 
0DAF 764 179 57 944 0.04 
1 DAF 711 183 106 894 0.05 
7DAF 753 192 55 945 0.04 
14DAF 771 176 52 948 0.04 
28DAF 774 160 66 934 0.06 
Red Clover 
0DAF 677 205 118 882 0.04 
1 DAF 672 195 134 866 0.04 
7DAF 680 199 121 879 0.04 
14DAF 672 189 139 861 0.04 
28DAF 641 220 139 861 0.04 
Berseem Clover 
0DAF 658 159 183 817 0.02 
1 DAF 644 168 189 811 0.02 
7DAF 632 167 201 799 0.02 
14DAF 661 157 182 818 0.01 
28DAF 632 190 177 823 0.03 
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Table 4. (Continued) 
c/ Cn C1 TD k 
---------------g kg-1 DM--------------- h-1 
Kura Clover 
0DAF 719 188 93 907 0.06 
1 DAF 731 175 94 906 0.06 
7DAF 694 197 109 891 0.05 
14DAF 721 180 99 901 0.06 
28DAF 696 187 117 883 0.04 
White Clover 
0DAF 757 196 47 953 0.06 
1 DAF 738 206 56 944 0.07 
7DAF 759 196 45 955 0.06 
14DAF 762 189 49 951 0.06 
28DAF 739 204 57 943 0.06 
Crown vetch 
0DAF 728 128 143 857 0.04 
1 DAF 731 126 142 858 0.04 
7DAF 718 135 147 853 0.04 
14DAF 750 121 130 870 0.03 
28DAF 720 147 133 867 0.04 
Hairy Vetch 
0DAF 630 186 185 815 0.06 
1 DAF 636 169 195 805 0.05 
7DAF 655 181 165 835 0.05 
14DAF 656 175 169 831 0.05 
28DAF 668 183 149 851 0.06 
Birdsfoot Trefoil 
ODAF 701 163 136 864 0.06 
1 DAF 686 167 148 852 0.07 
7DAF 668 172 160 840 0.07 
14DAF 660 180 160 841 0.07 
28DAF 621 196 184 817 0.07 
SEM 8.21 4.42 7.51 7.51 .003 
* Cs, cell solubles; CD, digestible fiber; C1, indigestible fiber; TD, true digestibility; 
and k, rate of fiber digestion. 
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